A novel dansyl side-functional polymer (P2) was prepared and employed as the metal cation sensing chemical probe. The synthesis of P2 was performed via consecutive free radical polymerization and esterification reactions. P2 showed characteristic UV-Vis and fluorescence emission bands for the dansyl unit. The fluorescence emission intensity of P2 gradually decreased as the concentrations of the added metal ions were increased. 
INTRODUCTION
Heavy metal pollution in natural water or soil environments has attracted a worldwide attention because of their severe effects to human health and the environment [1, 2] .
While certain heavy metals, including iron, copper, manganese, and zinc, are essential nutrients in small quantities to have a healthy life, some others (Hg 2+ ) are highly toxic and carcinogenic for human health [3] [4] [5] [6] . Recently, accumulation of heavy metals in rivers, lakes, and seas due to increasing industrial, agricultural, mining, and transportation activities resulted in serious environmental pollution and threatened biolife, particularly in developing countries [7] [8] [9] . Contrary to organic contaminants, since they are not biodegradable; they recirculate and accumulate in the environment [7, 10] . Besides, heavy metal ions have great tendencies to produce complexes with nitrogen, sulfur, or oxygen containing biologically important ligands.
Consequently, molecular structures of proteins change, hydrogen bonds break, or enzymes are inhibited [3, 11] . The toxic heavy metals affect various tissues and organs, including central nervous system, kidneys, liver, skin, bones, and teeth [4] [5] [6] . Therefore, maximum contamination levels for various metal cations in drinking water have been set by different organizations [3, 12] . World Health Organization (WHO) defined the maximum acceptable contamination level for Hg 2+ , Pb 2+ , and other toxic metal ions as 10 μg L −1 [13] .
There is urgent requirement for simple, sensitive, selective, and inexpensive determination of metal cations for various applications, including environmental monitoring, industrial process management, food quality control, and chemical threat detection [13, 14] . In this respect, fluorescence spectroscopy is a robust method with its simplicity, low detection limit, sensitivity, selectivity, and fast response among the others [15] [16] [17] . Dansyl group, consisting of dimethylamino and naphthalene sulfonyl as donor and acceptor parts, respectively, is one of the most attractive fluorophores and has been extensively used in a wide variety of optical sensing applications since it has intense fluorescence emissions in the visible region with high quantum yields and it can be easily attached to various structures in a covalent way [18] [19] [20] . Additionally, being one of the smallest available fluorophores, its emission spectrum is sensitive to chemical environment, such as pH and polarity [21] . Thus, dansyl-containing small molecular compounds, dendrimers, or polymers were used as fluorescent probes against metal cations, anions, biological materials, and nitro aromatic compounds [19, 20, [22] [23] [24] [25] deoxygenated by purging gently with argon and the reaction was carried out at 80°C for 2 h. The reaction was quenched by dipping the flask into a salt-ice mixture, the crude product was dissolved in 10 mL DCM, and precipitated into cold hexane. The precipitation procedure was performed once more, P1 was isolated by filtration, and dried at room temperature in vacuo until a constant weight was obtained. 
RESULTS AND DISCUSSION
The poly(MMA-co-HEMA-DNS) (P2) copolymer was prepared via a combination of free radical polymerization (FRP) and esterification reactions (Scheme 1). Firstly, poly(MMAco-HEMA) copolymer with the hydroxyl side groups (P1) was synthesized by FRP using MMA and hydroxyl functional HEMA monomers in the presence benzoyl peroxide as initiator. In the final step, dansyl groups were successfully attached as side groups by esterification between dansyl chloride and hydroxyl-functional groups of P1, yielding P2. Scheme 1.General procedure for the synthesis of dansyl functional poly(MMA-co-
HEMA-DNS) (P2).
1 H NMR and FT-IR spectroscopic methods were employed to characterize the structures of P1 and P2 polymers with hydroxyl and dansyl side group, respectively. The FT-IR spectra of the polymers are shown in Figure 1 . In these spectra, the observation of strong and sharp peak at 1720 cm The average molecular masses of the copolymers (P1 and P2) were estimated by gel permeation chromatography (GPC) based on linear polystyrene calibration standards.
Related data are given in Table 1 and GPC chromatograms are presented in Figure S1 and S2 in the Supporting Information. The polymers showed symmetrical and unimodal elution peaks in these chromatograms with polydispersity values in the range of 1.84- Figure 3 and the data were briefly given in Table   2 . In these thermograms, Tg of P1 and P2 were observed at 121 and 117 from room temperature to 700 °C. Figure 4 demonstrates the percent remaining weight versus temperature curves of the polymers whereas data related to Td, onset, Td, max, and char yield are summarized in Table 2 . Hydroxyl functional groups are known to be thermally labile [35] . Upon esterification of hydroxyl sidefunctional polymer (P1) with dansyl chloride, there observed a significant increase in Td, onset, Td, max, percent char yield values of the obtained DNS-functional polymer (P2). M.
The binding and recognition behavior of the dansyl side-functional polymer (P2) towards different metal cations were investigated via fluorescence measurements. Metal cation sensing experiments were conducted in ACN:water (6:4) solvent system at 344 nm excitation wavelength at room temperature and the obtained spectra were given in Figure 6 . In these spectra, dansyl fluorophore of P2 gave a very strong emission spectrum in the absence of any metal cations due to intramolecular charge transfer (ICT) from nitrogen atom of the dimethylamino group to naphthalene moiety [37] . When P2 was titrated with 100 equivalents of Cd 
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